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处理后，解剖分离 NLCS 的 CG，供实验所需。采用电感耦合等离子体质谱技术
（ICP-MS）定性及定量分析经 3 种重金属诱导 NLCS 前后过程中，CG 细胞中重
金属浓度变化规律。实验结果指出，在 NLCS 的 CG 细胞中， 镉和铅含量分别
约高于未经诱导处理的 CG 细胞中 5 倍和 1 倍，但 CG 细胞中的铜含量基本维持




化了海兔 CG 蛋白质组双向电泳分离技术，采用改良后的裂解液法提取 CG 蛋白






























Aplysia is a kind of mollusk animal belonging to gastropod class. It has become 
one of the most important model creatures for molecular neuroscience research. In this 
thesis, the author study on the cerebral ganglion (CG) of Notarcus leachii cirrosus 
Stimpson (NLCS) for the researches of heavy metal neurotoxieology. After the 
optimized experiment, three heavy metal salts at 20ppm such as cadmium- , copper- 
and lead-chloride as acute toxics treatment were used to contaminate NLCS for 24 
hours, respectively. Then central neural system from the NLCS was separated to obtain 
CG for research. Here, an inductively coupled plasma mass spectrometry (ICP-MS) 
was employed to qualitative and quantitative analyze the content of heavy metal in CG 
during the induced treatment. The experimental results showed that contents of 
cadmium and lead in the CG cell of NLCS induced with the salts were 5 and 1 times 
higher than that in absence of inducement. Moreover, the copper content showed the 
same level both CG cells. Then the author used the transmission electron microscope to 
observe the imperceptible structures both CG cells. Many cells with defeature 
characteristics in CG tissue treated with the salts were observed directly compared to 
normal that, such as low expressions of the nucleolus and the constriction of 
karyoplasms, and high exhibition of vacuole; along with the excite reaction, a lot of 
lysosome appeared. 
To expatiate on all the fact above mentioned, the author developed the research 
of differential proteome by proteomic techniques. Using 2D-PAGE techniques, the 
separation of CG proteome was established and optimized. The improved lysis was 
used to get the proteins from CG. And high speed centrifugal was used to remove the 
impurity for separation of 2D-PAGE. Under the conditions both pH 5-8 and the 12% 
gel concentration, the complex proteome in CG cells were separated availably. The 
author used the proteome analytical techniques to select the differential proteins, and 
identified them by peptides finger print (PMF) and database search After the 
inducement of cadmium, copper and lead, the experiment results showed that the 















binding protein, heat shock proteins, and oxidoreductase. Compared to proteome in 
normal cells, remnant differential proteins can’t be matched to be ABC transporter 
protein, acetyltransferase, PREG-like protein, isocitrate dehydrogenase, metal- 
dependent transcriptional regulator, Acetyl-CoA synthetase, and cytochrome-c 
peroxidase. With comparison and analysis, the author found that those differential 
proteins induced with various salts can compose a protein net to explain for the 
abnormal metabolizing of cell in NLCS. These can provide a lot of novel sign 
proteins for the study of toxic mechanism of the salts of cadmium, copper and lead in 
the CG of NLCS. 
Here, these differential proteins and analytical techniques were employed to not 
only engage the research in neurotoxieology, but also these biological markers were 
used to monitor the pollution level and crisis of heavy metals. Clearly, these research 
described here play an important role in science and show a potential significant in the 
study and application.  
Keywords: Aplysia; cerebral ganglion; biological marker; heavy metal pollution， 





















报道了 21 个不同品种的海兔，其中 常见的品种是蓝斑背肛海兔（Notarcus 
leachii cirrosus Stimpson, NLCS）、斑叶海兔（Petalifera punctulata）、枝叶海兔
（Petalafera ramosa）和黑指纹海兔（Aplysia dactylomela）等[1-3]。NLCS 为我国






坦广宽的足，善于在海滩上爬行, 每分钟爬行的速度, 为它伸展体长的 2～3 倍。




























图 1-1 和图 1-2 为海兔中枢神经系统的示意图。目前已知的多数海兔中枢神
经系统均由 5 对神经节组成，分别是脑神经节（cerebral ganglion, CG）、口腔神
经节（buccal ganglion, BG）、侧神经节（pleural ganglion, PLG）、足神经节（pedal 
ganglion, PG）和腹神经节（abdominal ganglion, AG）[7]。美国加州海兔（Aplysia 
California, AC）和杂斑海兔（Aplysia juliana Quoy & Gaimard, AJ）中枢神经组成










图 1-1 加州海兔中枢神经系统示意图 
















图 1-2 蓝斑背肛海兔中枢神经系统示意图 
Fig 1-2 sketch map of central nervous system from the NLCS 
海兔 BG 支配着咽喉、唾液腺、食道、嗉囊、胃以及口腔肌肉的活动，控制
舌头的伸缩。BG 是软体动物中枢神经系统中体积 小的神经节，但它由许多体




从图 1-1 中可获悉，海兔 PG 位于腹部外侧，支配着足部、侧足、头部的肌
肉以及生殖器官和生殖鞘。海兔 PG 可分为左右两侧，它们均有神经连索沟通于
其他神经节，并与同侧的 PLG 和 CG 以短的神经连索相连接。海兔的两侧 PG 并
不是完全的对称，右侧 PG 要略大些，外延的神经连索分支数目比左侧更多，并
连接于生殖器官。PG 控制着海兔的游动和头部移动，如果切除 PG 会使得海兔
的移动能力受到限制。电刺激 PG 或者 PG 之间的神经连索，可导致足部和侧足
的颤动。切断 PG 之间的连索后，电刺激只会引起相应侧的反映，这一现象说明
了，海兔神经连索起着神经节之间的物质交换和信息交换的重要作用。 
进一步分析可获悉，海兔 PLG 紧靠着 PG，它通过神经连索与 CG 和 PG 相
连接。电生理实验研究显示，电刺激 PLG 时，会引起海兔鳃自然收缩或颤动。
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